In this work we study the CP violation forB 0 → J/ψK s andB 0 → φK s up to leading and next-to-leading order QCD corrections in the standard model, two-Higgsdoublet model and the minimal supersymmetric extension of the standard model. We also study the effect of new physics on the branching ratios of these two decay modes.
I.INTRODUCTION
The decay ofB 0 → J/ψK s is expected to be one of the most promising channels to study the CP violation in the B decays at the B factory. In the standard model CP violation is produced via the complex phase of the Cabibbo-Kobayashi-Maskawa (CKM) matrix. Because the CKM matrix is unitary there is the unitarity equation
This equation can be represented as a closed triangle in the complex plane, which is called the unitarity triangle. Since the most poorly known entries in the CKM matrix are contained in the triangle equation
so this equation is most useful from the phenomenological point of view [1] . This equation can be visualized as the unitarity triangle in Fig.1 . The angles of α, β, and γ in Fig.1 can be determined through the detection of the CP violation of the decay modesB → ππ, B → ψK s ,B → φK s , and B s → ρ 0 K s respectively [1, 2] . In the standard model CP violation is only produced through the CKM mechanism. It is believed that if the sum of the three angles α, β, and γ is measured to be π, the standard model gives the correct CP violating mechanism. If not, then there must be new physics beyond the standard model. can be described by [3] A cp = 
where ξ = ± q pĀ A , here '+' for CP even |f , '− ′ for CP odd |f [4] . For the present two decay modes that we study, ξ f = − q p B q p * KĀ A . The parameters p, q are defined in the physical state of B and K mesons. The K s meson is defined as |K s = p K |K 0 + q K |K 0 , and the physical state of the neutral B meson is defined as
where L, H denote light and heavy respectively. In the standard model the decayB 0 → J/ψK s is dominated by the tree level contribution, and ξ ψKs ≃ −e −2iβ under the tree level approximation. TheB 0 → φK s is forbidden at the tree level, its relevant value of ξ is also equal to −e −2iβ approximately. However, in some non-standard models such as the two-Higgs-doublet model (THDM) and the minimal supersymmetric extension of the standard model, CP violation can either be produced through the CKM mechanism, or through the Higgs sector, or from both. So in order to investigate the very nature of CP violation, the B decays should be studied carefully in both standard and non-standard models.
In this work we study what impact the new mechanisms of non-standard model can
give to the measurement of the CP violation ofB 0 → J/ψK s andB 0 → φK s . To take into account the nonfactorization corrections, the inverse of the color number Nc + χ, where χ stands for the nonfactorization corrections, and this replacement amounts to changing the color number from N c = 3 [5] . Here we consider three conditions with N c = 2, 3 and ∞. We also investigate the new physics effects on the branching ratios ofB 0 → J/ψK s andB 0 → φK s . The paper is organized as the following.
In section II we study the CP violation and the branching ratio ofB 0 → J/ψK s in the SM, THDM amd the minimal supersymmetric extension of SM (MSSM). Section III is devoted to the study ofB 0 → φK s in those three models. Section IV is for the discussion and conclusion.
II.The study ofB 0 → J/ψK s 1) CP violation ofB 0 → J/ψK s in the standard model
The low energy effective Hamiltonian relevant to our study is [6, 7] 
where C k (µ) (k=1, · · ·, 10) are Wilson Coefficients (WC) which are calculated in the renormalization group improved perturbation theory and include leading and next-toleading order QCD corrections. v q is the product of Cabibbo-Kobayashi-Maskawa (CKM) matrix elements and defined as
The ten operators are taken in the following form [6] : For our calculation we use the renormalization scheme independent form of the Wilson
and
here q=u,c. The renormalization scheme independent Wilson coefficientsC i (µ) has been given in Ref. [10] ,
.010,C 6 = −0.046,
C 10 = 0.267 · α.
With the effective Hamiltonian given in eq. (5) we obtain
After we get eq.(10), we are now in the position to calculate ξ ψKs ,
where ρ, η are the parameters in the Wolfenstein parameterization for the CKM matrix.
Substitute the numerical values of C ′ i into eq. (10) and (11), we can get the numerical result of ξ ψKs . For the case without loop correction, only C ′ 1 and C ′ 2 contribute,
For the case with loop corrections all C ′ 1 · · · C ′ 10 contribute,
Experimental results have constrained ρ and η into a small area in the ρ-η plane [1] , approximately, −0.2 < ρ < 0.3, and 0.2 < η < 0.4. From eq. (12) and (13) 
, so up to very small corretions the penguin contributions have the same weak phase as the tree diagram contribution, then the penguin contribution affects the CP violation extremely small [1, 11] . Our calculation using the QCD corrected Hamiltanian confirms this conclusion. 
2) CP violation ofB
where the SM contribution C SM i (M W )'s have already been given in Ref. [7] . In this paper,
we calculate the contributions of charged Higgs loop diagrams, the results are
where
where F u is the coupling constant between the charged Higgs and the up-and down-type quarks. We consider two distinct two-Higgs-doublet modes, model I and model II, which naturally avoid tree-level flavor changing neutral current (FCNC). In model I, one doublet (φ 2 ) gives masses to all fermions and the other doublet (φ 1 ) essentially decouples from the fermions, and here F u = cotβ. In model II, φ 2 gives mass to the up-type quarks, while the other (φ 1 ) gives the down-type quarks masses, and in this model F u = cotβ, where tanβ ≡ v 2 /v 1 , which is the ratio of the vacuum expectation values (VEV) of the two Higgs doublet.
After presenting the initial values of the Wilson coefficients C i (M W ) in the two-Higgsdoublet model, now we shall evolve them down to the scale µ = m b , so that to take into account the QCD corrections. The renormalization-group equation for C(µ) is given by [7] , The solution of the renormalization-group equation (19) is given [7] by (10) and (11), we can get the results of the CP asymmetry ofB 0 → J/ψK s . We now discuss our numerical results.
In the parameter space constrained by the observed rate of b → sγ, the possibility that charged-Higgs exchange induces large CP-violating effects through the complex phase of v 2 /v 1 has been ruled out [13, 16] . In the continuing work we will drop the complex phase of the VEV, i.e., only take into account the cases that v 2 /v 1 is a real number.
The observation of the decay b → sγ gives a correlated bound to cotβ and the charged
We make our calculation within this constraint of cotβ and M H ± , and also keep cotβ < 3, which is the region of cotβ that keeps the Yukawa couplying perturbative [17] . We calculate three cases with the number of color N c = 2, 3 and ∞. The result is that within the parameter space constrained by the experiment, charged Higgs effect reduces the CP asymmetry. But the effect is too small to distinguish the two-Higgs-doublet model from the SM.
3) CP violation ofB 0 → J/ψK s in the MSSM
In the minimal supersymmetric extension of the standard model (MSSM), except for the usual particle fields in the standard model, there are the relevant supersymmetric partners, and an extra Higgs doublet. They add the new contributions to the process of b → ccs. They are the contributions from: i)the charged Higgs loop diagrams, ii)the up-type squarks and chargino loop diagrams, iii) the down-type squarks, gluino and neutralino loop diagrams, which are shown in Fig.3 . For the basic structure of the minimal supersymmetric extension of the standard model, we refer the readers to the Refs. [18, 19] .
Because the assumption is quite strong that all the parameters in the soft supersym- (ii) The first two generations of up and down-type squarks are almost degenerate.
The above features are inferred from the observations noted in Ref. [19] . With these simplicities the remaining free parameters are left to be: a common mass mũ L for the first two generations of the left and right-handed squarks; the top squark masses mt L , mt R and the top squark mixing angle αt; the masses Mw and M H ± ; the µ and cotβ.
The minimal supersymmetric extension of the standard model gives the new contributions to the effective Hamiltonian of eq.(5) by adding some new terms into the Wilson coefficients. We express the new terms as C SU SY (µ). Thus 
where [20] 
The values of C SU SY i , (i = 7, · · · , 10) are We performed our calculation within the very large ranges of all the parameters (mw, µ, mg, mũ L , mt L , mt R , mb, αt) which are allowed by the experiment. We find that if we keep the Yukawa couplying is perturbative (cotβ < 3) [17] , the discrepancy from the SM is extremely small, it only happens in the third desimal number after the zero point.
4) The branching ratio ofB 0 → J/ψK s in the SM, THDM and MSSM
Because there are great theoretical uncertainties in the calculation of the branching ratio ofB 0 → J/ψK, in this section we do not want to give an precise prediction of the branching ratio. We only want to give a comparison of the predictions of these three models, and to probe the possibility to distinguish them by measuring the branching ratio of this decay mode. We calculate the branching ratio according to the BSW method [23] .
In our calculation we take f ψ = 0.386GeV, F BK In this section we report the results of our study ofB 0 → φK s using the effective Hamiltonian given in eq. (5), (14), (18) and (20) . Because there is no tree level diagram contribution toB 0 → φK s in the SM, new physics may have an observable effect. Using the effective Hamiltonian given in the last section, the amplitude ofB 0 → φK s is
where C ′ i (i = 1, · · · , 10) should be the renormalization scheme independent Wilson Coefficients calculated in the SM, THDM and MSSM, respectively. e s = − 1 3 is the charge of the s-quark.
The Decay width of aB 0 meson at rest decaying into φ and K s is
is the momentum of φ or K s . The corresponding branching ratio is given by
We take ΓB method [23] . The one-body vector matrix element of (V-A) current is
where f φ = 0.233 GeV, M φ = 1.02GeV [21] , ǫ φ is the polarization of φ meson. The two-body pseudoscalar-pseudoscalar matrix element of the vector current is [23] 
). In our calculation, we take [23] . Now with eq. (3), (25), and (28), we can calculate the CP asymmetry and branching ratio ofB 0 → φK s . Our calculation shows that if we take cotβ < 3 [17] , the difference between the preictions of new physics (THDM, MSSM) and SM is too small to be detectable in the future B factory.
V. Conclusion and discussion
We studied the CP asymmetry and the branching ratio ofB After finishing our work, we noticed that the next-to-leading QCD corrections to B → X s γ decay are calculated in the THDM in Ref. [24, 25] .
Finally we come to our conclusion: (i) The tree diagram calculation for A cp inB 0 → J/ψK s is reliable, which is independent of the nonfactorization corrections.
(ii) It is difficult to distinguish the SM from the two Higgs-doublet model and MSSM by measuring CP asymmetries A cp and the branching fraction ofB 0 → J/ψK s andB 0 → φK s at B factories.
Appendix A
The evolution matrix from M W down to µ = m b scale, where we take m b = 5.0GeV . 
6) contribution from chargino loops with a gluon coupling to the quark pair:
7) contribution from neutralino loops with a z-boson coupling to the quark pair:
A,B=1 
9) contribution from gluino loops with a z-boson coupling to the quark pair: 
